Surface transfer doping of diamond fundamentally requires termination of the diamond surface with a species such as hydrogen to allow the interfacial charge exchange required to establish surface conductivity. Here we show the effects of varied hydrogen plasma power on the roughness and conductivity of the (100) diamond surface. Prior to hydrogen termination, substrates were etched using tailored Cl2 + Ar and O2 + Ar chemistries to produce a very smooth surface of ~ 0.2 nm roughness average while also removing ~ 3.4 µm from the top surface as measured by Atomic Force Microscopy (AFM). Use of etching post polishing provides an effective means of producing smoother diamond surfaces with reduced crystal damage as opposed to scaife polishing alone. By producing nominally identical etched surfaces, a relationship between surface conductivity and hydrogen termination plasma power was observed. Using MoO3 as a surface acceptor material, Hall measurements were performed to examine sheet resistance, carrier density and mobility within the diamond. Increased surface conductivity due to enhanced hole mobility was observed at higher hydrogen plasma power conditions, despite an associated increase in roughness of the diamond surface. [1, 2, 3, 4, 5, 6] 
effects of varied hydrogen plasma power on the roughness and conductivity of the (100) diamond surface. Prior to hydrogen termination, substrates were etched using tailored Cl2 + Ar and O2 + Ar chemistries to produce a very smooth surface of ~ 0.2 nm roughness average while also removing ~ 3.4 µm from the top surface as measured by Atomic Force Microscopy (AFM). Use of etching post polishing provides an effective means of producing smoother diamond surfaces with reduced crystal damage as opposed to scaife polishing alone. By producing nominally identical etched surfaces, a relationship between surface conductivity and hydrogen termination plasma power was observed. Using MoO3 as a surface acceptor material, Hall measurements were performed to examine sheet resistance, carrier density and mobility within the diamond. Increased surface conductivity due to enhanced hole mobility was observed at higher hydrogen plasma power conditions, despite an associated increase in roughness of the diamond surface. . Yet, the lack of a mature doping process has thus far limited exploitation of diamond's electronic potential for real world devices [7] . Surface transfer doping provides a potential solution to the doping problems in diamond, generating an abundance of research interest in recent years [8, 9, 10] . The process of transfer doping couples itself intimately with the surface of diamond. The mechanism for electron transfer relies upon a foundation of two components: hydrogen termination of the surface and contact with a suitable electron acceptor medium.
Historically, this acceptor medium has been provided by spontaneous accumulation of molecular adsorbents from air i.e. exposing a hydrogen terminated diamond (H-diamond) substrate to ambient atmosphere would generate a dramatic increase in conductivity of the otherwise highly insulating diamond surface [11] . However, these atmospheric adsorbates are volatile, easily desorbed by elevated temperatures or exposure to chemicals and plasma during standard fabrication processes [11] . [12, 13, 14, 15, 16, 17] . Lee et al [18] . The etching mechanism of diamond using Ar + Cl2 plasma is reported Etch rate for this recipe was measured as approximately 25 nm per minute using a S1818 resist mask, a rate significantly faster than the Ar + Cl2 recipe due to the highly volatile COx gas formation. However, this etching rate using O2 is still significantly slower than those reported elsewhere [19] , as a less aggressive process was used to avoid roughening the diamond surface. reported by others [20] and is in part due to the relatively high-power densities used whereby atomic hydrogen can be produced showing sufficiently low contact resistance with a linear IV response [21] . Use of this method also removes the risk of on the diamond surface, as reported elsewhere [14, 16] . All Hall measurements were performed by probing through the deposited oxide layer and directly onto the silver contacts using a Nanometrics HL5500PC Hall effect measurement system.
Care was taken to ensure that proper electrical contact was made between the probes and silver contacts by monitoring the IV response between adjacent contacts.
Results and discussion polishing induced crystal defects were likely removed or at least substantially reduced [22] . [23] . The formation of etch pits in samples A2 and A3 appear to be from bulk defects incurred during CVD growth, as polishing induced defects were likely removed during etching [19] . Polishing defects have also been previously observed to follow the direction of the polishing wheel, which is not seen here [24] . The formation of such pits on the surface of diamond after hydrogen plasma treatment is a known phenomenon; work by Naamoun et al showed defects at the diamond surface can be revealed by H2/O2 etching with relatively low amounts of oxygen [25] . They also found these defects present as pits in the form of hollow inverted pyramids. Their work concluded two main sources of these pits; firstly, crystal dislocations at the surface introduced by polishing and secondly, dislocations that originate from defects in the bulk of the material. These Defects such as dislocations and stacking faults are common in both synthetic and natural diamond [26] and have previously been observed in Element six CVD material [27] . Tallaire [19] .
VDP Hall measurements after hydrogen termination and deposition of 100 nm MoO3 on substrates A1-A3 are shown in [28, 29, 30] . Part of the explanation for (100) orientation [31] . However, they attributed this increase in conductivity to an increase in 'activation sites' which in turn led to an increase in carrier density rather than mobility. This group utilised a different surface acceptor in their work in the form of NO2 atmosphere rather than MoO3 as we report here. The range of surface roughness investigated is also substantially higher than we report here (Rq from ~ 5 nm to 450 nm).
Although we also observe a similar increase in conductivity with increased surface roughness, the variation in substrate preparation, surface acceptor material, surface roughness range and carrier density between these works therefore makes direct comparison of the results difficult. However, both indicate that carrier density and transport in transfer doped H-diamond seem to be closely linked to the surface morphology. Some etch pits on the CVD diamond surface have been reported to exhibit side walls with (111) orientation [32] .
Work by K. Hirama et al observed reduced
sheet resistance for CVD diamond with (111) surface orientation, attributed to a higher dipole density compared to that of the (100) surface [33] . However, this effect of reduced sheet resistance is due to increased carrier density as opposed to improved mobility as observed in this work.
Regardless of the variation in the surface conditions, a direct relationship between increased hole density and reduced carrier mobility has been consistently reported for surface transfer doped hydrogen terminated diamond [12, 14, 15, 34] . This suggests that carrier mobility in H-diamond 
